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Inflammatory exudate produced 24 h after i.p. injection in normal mice by supernatants from sensitized human lymphocyte cultures and 
by control supernatants 

Culture supernatants Stimulated cells Unstimulated cells Killed cells Medium and antigen Medium control 

Cell Count • 103/ml 7.12 :tz 2.3 2.3 -4- 0.9 2.3 -t- 0.6 1.9 -4- 0.9 3.4 -4- 2 
t-test p < 0.01 p < 0.01 p < 0.01 < 0.05 
Differential Polymorphs 4 0 0 0 0 
Count Lymphocytes 74 88 91 85 95 
Percent Monocytes 22 12 9 15 5 

U n c o n c e n t r a t e d  s u p e r n a t a n t s  f r o m  t he  s t i m u l a t e d  a n d  
con t ro l  l eukocy t e  cu l tu res  were i n j ec t ed  i .p .  in  1 ml  ali-  
q u o t s  in to  n o r m a l  C57 B L  mice  a n a e s t h e t i z e d  w i t h  e ther .  
The re  were  6 an ima l s  in  each  t r e a t m e n t  group.  T h e  mice  
were  sacr i f iced a t  8, 24 a n d  48 h a f t e r  t he  in i t ia l  in jec t ion ,  
e ach  a n i m a l  be ing  in j ec t ed  i .p .  w i t h  1 ml  of w a r m  R P M I  
1640 1 h p r io r  to  sacrifice. S u b s e q u e n t l y ,  r eac t ions  were 
assessed a t  24 h only.  Af te r  sacrifice, a n y  f luid c o n t a i n e d  
w i t h i n  t h e  p e r i t o n e a l  c a v i t y  was  w i t h d r a w n  us ing  a b lood  
d i l u t i n g  p ipe t te ,  a d rop  of t h e  f luid was  smeared  u p o n  a 
sl ide for  l a t e r  f i x a t i o n  a n d  s t a i n i n g  a n d  t h e  r e m a i n i n g  
f lu id  was  used  to  c a r r y  o u t  a w h i t e  cell c o u n t  us ing  a 
t l emocy tome te r .  
Results and discussion. T he  i .p.  i n j ec t ion  in mice  of super -  
n a t a n t s  f rom the  h u m a n  l y m p h o c y t e  cul tures ,  as indi-  
c a t ed  in t he  figure,  r e su l t ed  in a p e a k  in t h e  i n f l a m m a t o r y  
e x u d a t e  p r o d u c e d  t h a t  occur red  a t  24 h w i t h  s u p e r n a t a n t s  
f rom sens i t ized  l y m p h o c y t e s  cu l t u r ed  w i t h  P P D .  A t  o t h e r  
t i m e s  a n d  w i t h  con t ro l  s u p e r n a t a n t s ,  t he  ce l lu la r i ty  of 
t he  e x u d a t e  r e m a i n e d  a p p r o x i m a t e l y  t he  same.  
I n  f u r t h e r  expe r imen t s ,  t h e  n a t u r e  of t h e  e x u d a t e  oc- 
cu r r ing  24 h a f t e r  i. p. i n j ec t ion  of t he  cu l tu re  s u p e r n a t a n t s  
was  examined .  I t  was  found  t h a t  s u p e r n a t a n t s  f rom 
sens i t i zed  h u m a n  l y m p h o c y t e  cu l tu res  s t i m u l a t e d  w i t h  
P P D  p r o d u c e d  e x u d a t e s  w i t h  s ign i f i can t ly  g rea t e r  cellu- 
l a r i t y  t h a n  did  those  f rom con t ro l  s u p e r n a t a n t s  ( table).  
T h e  d i f fe ren t i a l  c o u n t s  o b t a i n e d  f rom f ixed and  s t a i ned  
smear s  of t h e  e x u d a t e s  did  no t  a p p e a r  to  differ  m a r k e d l y  
b e t w e e n  groups.  T h e r e  were more  m o n o c y t e s  and  fewer 
l y m p h o c y t e s ,  a n d  Some p o l y m o r p h o n u c l e a r  l eukocy tes  
p r e s e n t  in  t h e  e x u d a t e s  deve lop ing  in response  to  super -  
n a t a n t s  f rom s t i m u l a t e d  cu l tures ,  as c o m p a r e d  w i t h  t h e  
e x u d a t e s  i nduced  b y  con t ro l  s u p e r n a t a n t s .  S u p e r n a t a n t s  

f rom a n u m b e r  of donors  w i t h  a p p r o x i m a t e l y  equa l  t u b e r -  
cu l in  s ens i t i v i t y  were assessed us ing  t h e  asSay sys tem.  
All s u p e r n a t a n t s  i nduced  a n  i n f l a m m a t o r y  e x u d a t e  of 
s imi la r  ce l lu lar i ty ,  in  t h a t  cell c o u n t s  of e x u d a t e s  i nduced  
b y  s t i m u l a t e d  l y m p h o c y t e  cu l tu re  s u p e r n a t a n t s  were  
a p p r o x i m a t e l y  3 t i m e s  t hose  i nduced  b y  u n s t i m u l a t e d  
con t ro l  s u p e r n a t a n t s .  A s t i m u l a t e d  cu l tu re  supernatant 
c o n c e n t r a t e d  seven  t imes  b y  lyoph i l i za t ion  p r o d u c e d  a n  
e x u d a t e  w i t h  7 t i m e s  t he  ce l lu la r i ty  of t h a t  i nduced  b y  
t he  u n c o n c e n t r a t e d  s u p e r n a t a n t  (42 • 103 cel ls /ml  com- 
p a r e d  to  5.92 • 103 cells/ml).  
T h e r e  t h u s  a p p e a r e d  to  be  ev idence  for t h e  presence  of 
i n f l a m m a t o r y  fac to rs  in  P P D  s t i m u l a t e d  l y m p h o c y t e  
cu l tu re  s u p e r n a t a n t s .  These  s u p e r n a t a n t s  p r o d u c e d  a n  
e x u d a t e  p e a k i n g  a t  24 h. I n  add i t ion ,  t he re  was  a t e n d e n c y  
for  such  s u p e r n a t a n t s  to  induce  a n  i n f l a m m a t o r y  response  
c o n t a i n i n g  more  m o n o c y t e s  a n d  p o l y m o r p h s  t h a n  t h a t  
seen w i t h  con to l  s u p e r n a t a n t s .  Th i s  would  n o t  be  unex -  
pec t ed  if t he  ac t ive  s u p e r n a t a n t s  c o n t a i n  fac to rs  such  as 
t h e  m a c r o p h a g e  m i g r a t i o n  i n h i b i t i o n  fac to r  (MIF) ~ a n d  
t h e  p o l y m o p h o n u c l e a r  l eukocy te  i n h i b i t o r y  f ac to r  (LIF)  8 
t h a t  h a v e  been  d e m o n s t r a t e d  b y  in v i t ro  t echn iques .  I t  
shou ld  be s t ressed  t h a t  t h e  ab i l i t y  of these  s u p e r n a t a n t s  
to  s t i m u l a t e  a n  i n f l a m m a t o r y  e x u d a t e  m a y  or  m a y  n o t  
ref lect  S R F  ac t iv i ty .  Never the less ,  t h e  d a t a  p r e s e n t e d  
do d e m o n s t r a t e  t h a t  soluble  fac tors  f r o m  h u m a n  l y m p h o -  
cytes  will i nduce  a n  i n f l a m m a t o r y  response  in t h e  mouse  
t h a t  m a y  be  cha rac t e r i zed  a n d  q u a n t i t a t e d  b y  t h i s  a s say  
sys tem.  

7 R.E. Rocklin, O. L. Meyers and J. R. David, J. Immun. 105, 95 
(1970). 

8 R.E. Rocktin, J. Immun. 112, 1461 (1974). 
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Summary. Se len ium acce le ra ted  t he  r e d u c t i o n  of m e t h e m o g l o b i n  in e ry th rocy te s .  I t s  mode  of ac t ion  is sugges ted  as a 
ca ta lys i s  of t h e  m e t h e m o g l o b i n  r e d u c t i o n  b y  g lu t a th ione .  

I t  was  r e p o r t e d  t h a t  d i e t a r y  s e l en ium p r e v e n t s  n o t  
o n l y  hemolys is ,  b u t  also o x i d a t i o n  of h e m o g l o b i n  to  
m e t h e m o g l o b i n  i nduced  b y  h y d r o g e n  pe rox ide  or ascor-  
b ic  acid 3-5. Since i t  was  r ecen t l y  d e m o n s t r a t e d  t h a t  
s e l en ium forms  a n  i n t eg ra l  p a r t  of t h e  g l u t a t h i o n e  
pe rox idase  molecule  s,6 whose  a c t i v i t y  is p r o p o r t i o n a l  
to  t h e  a m o u n t  of d i e t a r y  s e l en iumL t h e  p r e v e n t i o n  
of o x i d a t i v e  d a m a g e  of e r y t h r o c y t e s  b y  s e l e n i u m  has  
b e e n  sugges ted  to  be  assoc ia ted  w i t h  th i s  e n z y m e  a c t i v i t y  

in  t he  cells. This  p a p e r  r epo r t s  t h e  role of s e l e n i u m  in 
p r e v e n t i n g  ox ida t i ve  d a m a g e  of hemoglob in ,  showing  t h a t  
se l en ium accelera tes  t h e  r e d u c t i o n  of m e t h e m o g l o b i n  in 
i n t a c t  r a t  e ry th rocy t e s .  
Materials and methods. Male Sp rague -Dawley  r a t s  were 
d e c a p i t a t e d  and  t h e i r  b lood  was col lected in hepa r in i zed  
t u b e s  a n d  cen t r i fuged  a t  500 •  for 10 m i n  a t  4~ Tile 
p l a s m a  a n d  b u l l y  coa t  were  r e m o v e d  a n d  t h e  e r y t h r o -  
cy tes  were w a s h e d  3 t imes  w i t h  isotonic  p h o s p h a t e  bur -  
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fered saline (pH 7.4). To conve r t  the  hemoglob in  to  
me themoglob in ,  a suspens ion  of e r y t h r o c y t e s  was  incu- 
ba t ed  in t he  presence  of NaNO~ and  glucose a t  37~ for 
30 min  (Final mix tu re :  5% e ry th rocy tes ,  24 mM N a N O  2, 
and  10 mM glucose in 0.107 M p h o s p h a t e  buffer  (pH 7.4). 
Then the  e r y t h r o c y t e s  were  washed  6 t imes  w i t h  isotonic 
p h o s p h a t e  buffered  saline (pH 7.4). In  th is  way,  a b o u t  
90% of the  hemoglob in  was conve r t ed  to  me themoglob in ,  
as d e t e r m i n e d  by  the  m e t h o d  of E v e l y n  and  Malloy s. 
The  basa l  m i x t u r e  used to  s t u d y  the  r educ t ion  of me t h e -  
moglobin  cons is ted  of 25% e r y t h r o c y t e s  plus 10 mM 
glucose in isotonic p h o s p h a t e  buf fe red  saline (pH 7.4). 
Hemoglob in  was  measu red  by  the  c y a n m e t h e m o g l o b i n  
technique .  G lu ta th ione  was de t e rmined  as descr ibed  b y  
E l lman  9. 
Results. The tab le  shows the  effects  of var ious  me ta l s  on 
the  r educ t ion  of me themog lob in  in ra t  e ry th rocy tes .  The 
reduc t ion  of m e t h e m o g l o b i n  was  g rea t ly  s t imu la t ed  b y  
10 -5 M selenite and  s l ight ly  b y  se lenate  and  tel luri te .  
However ,  i t  was  no t  a f fec ted  b y  organic seleno-com- 
pounds ,  such  as se lenometh ion ine  a n d  selenocyst ine,  or 
b y  o the r  me ta l  ions. 
This  r educ t ion  of m e t h e m o g l o b i n  b y  se lenium could be 
observed  by  eye, because  oxyhemoglob in  is b r igh t  red, 
whereas  me them og lob in  is da rk  brown.  The absorp t ion  
s p e c t r u m  of e r y t h r o c y t e s  i ncuba ted  wi th  seleni te  changed  
to  t h a t  of oxyhemoglob in ,  showing increase in absorbance  
a t  542 and  578 n m  and  decrease  a t  630 n m  (figure 1). 
Selenite 10 .5 to  10-~ M caused progress ive  increase in t he  
me themog lob in  reduc t ion ,  and  s ignif icant  decrease in t he  
g lu ta th ione  level wi th in  1 h (figure 2). 
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Fig. 1. Absorption spectra of nitrite-treated erythrocytes with or 
without sodium selenite (10 .5 M) after incubation for 3 h at 37~ 

Selenite is r epo r t ed  to  ca ta lyze  ox ida t ion  of g lu ta th ione  10. 
So, we s tud ied  the  inf luence of g lu ta th ione  on the  reduc-  
t ion of me themog lob in  wi th  selenite.  W h e n  a hemolysa t e  
of n i t r i t e - t r ea t ed  e r y t h r o c y t e s  was passed  t h r o u g h  Sepha-  
dex  G-25 column,  t he  accelera t ion of me themog lob in  
r educ t ion  by  selenite was abol ished complete ly ,  and i t  
was  res tored  by  add i t ion  of 1 mM glu ta th ione .  However ,  
when  e ry th rocy t e s  h a d  been  sub jec ted  to  h y d ro g en  per-  
oxide diffusion,  which  decreases  t he  g lu ta th ione  level b y  
half,  accelera t ion of me t h emo g l o b i n  r educ t ion  b y  selenite 
was still  observed.  These f indings sugges t  t h a t  se lenium 
m a y  ac t  as a ca t a ly s t  of me t h emo g l o b i n  reduc t ion  b y  
g lu ta th ione .  
Discussion. The biological role of the  se lenium mo i e t y  of 
se lenoprote ins  is unknown.  I t  m a y  pa r t i c ipa t e  in e lec t ron 
t ransfer ,  because i t  is an essent ia l  cons t i t uen t  of several  
enzymes  ca ta lyz ing  ox ida t ion  ~or reduc t ion  s, 6,11,12. More- 
over, se lenium was  sugges ted  to be i m p o r t a n t  in o the r  
e lec t ron t r a n s p o r t  sys tems,  such as those  of l iver micro-  
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Effects of various metals on the reduction of methemoglobin in 
nitrite-treated erythrocytes from rats 
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Fig. 2. Time course of changes in methemoglobin and glutathione by 
sodium selenite in nitrite-treated erythrocytes from rats. --O-- No 
addition, -- O-- Sodium selenite 10 -5 M, -- A -- 3 • 10 -s M, -- [] -- 
10 -s M. Points and bars are means 4- SE of values in 5 separate 
experiments. * p < 0.01. 

Metal Methemoglobin (g/100 ml of erythrocytes) 

None 20.66 4- 0.52 
NazSeO a 11.30 4- 0.68* 
Na~SeO4 16.60 4- 0.54* 
Selenomethionine 20.96 :~ 0.60 
Selenocystine 20.42 4- 0.56 
Na~TeO 3 17.36 4- 0.70* 
Na~SO 3 21.45 4- 0.70 
CuCI~ 21.09 4- 0.70 
FeC13 21.04 4- 0.75 
CoCla 20.84 4- 0.71 
MnSO4 20.72 4- 0~63 

The initial methemoglobin level was 23.30 4- 0.94 g/100 ml of 
erythrocytes. The reaction was initiated by adding the various 
metals indicated and was carried out for 1 h at 37~ The final con- 
centration of metals was 10 _5 M. Values are the means 4- SE of those 
in 5 separate experiments. 
*p ~ 0.01. 
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somes  ~8,14 a n d  m i t o c h o n d r i a  ~5,1% Recen t ly ,  se leni te  has  
been  r e p o r t e d  to  r eac t  w i t h  g l u t a t h i o n e  fo rming  seleno- 
i n t e rmed ia t e s ,  such  as se leno-persul f ide  a n d  - t r isul f ide  1~. 
T h u s  a s e l eno - in t e r m ed i a t e  m a y  fac i l i t a te  t h e  t r a n s f e r  of 
e lec t rons  f rom g l u t a t h i o n e  to  m e t h e m o g l o b i n ,  caus ing  
r e d u c t i o n  of t he  la t te r .  
W e  found  t h a t  t he  m e a n  se len ium level  in  r a t  p l a s m a  was 
3.45 • 10 -6 M. T h u s  t h e  acce le ra t ion  of m e t h e m o g l o b i n  
r e d u c t i o n  b y  se l en ium m a y  be  a phys io log ica l  p h e n o m -  
enon.  The  ox ida t i ve  d a m a g e  of h e m o g l o b i n  obse rved  in 
s e l en ium def ic ien t  an i m a l s  m a y  also be  due  to lack of 
s e l en ium-ca t a lyzed  r e d u c t i o n  of m e t h e m o g l o b i n  as well  
as def ic iency of g l u t a t h i o n e  peroxidase .  
F r o m  in v i t ro  s tud ies  in t h e  absence  of se lenium,  Sco t t  
e t  al. is e s t i m a t e d  t h a t  m e t h e m o g l o b i n  r e d u c t i o n  b y  
g l u t a t h i o n e  r ep re sen t s  13% of t he  t o t a l  r educ t ion .  How-  

ever,  our  d a t a  suggests  t h a t  u n d e r  phys io logica l  condi-  
t ions ,  t h e  c a p a c i t y  of g l u t a t h i o n e  to reduce  m e t h e m o -  
g lobin  in t he  p resence  of se l en ium m a y  be  g rea t e r  t h a n  
this .  
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Summary. The  presence  of a n  agg rega t ion  p h e r o m o n e  ha s  b e e n  d e m o n s t r a t e d  for  t h e  f i rs t  t i m e  in ind igenous  A u s t r a l i a n  
t icks .  F i l t e r  p a p e r  discs exposed  to  e i t he r  A u s t r a l i a n  pa ra lys i s  t i cks  Ixodes  ho locyc lus  or e c h i d n a  t i cks  A p o n o m m a  
concolor  showed  in te r - sex  or i n t r a - s ex  a t t r a c t i o n  for t i cks  of t h e i r  own  species. N y m p h a l  exuv iae  of Ap.  concolor  were  
h i g h l y  a t t r a c t i v e  to  a d u l t  t icks.  Discs  were s ign i f i can t ly  a t t r a c t i v e  to  I. ho locyclus  a t  d i s t ances  up  to  80 cm. 

A n  agg rega t i on  p h e r o m o n e  h a s  been  d e m o n s t r a t e d  in 
a rgas id  t i cks  a-5, in  a n  ixod id  t i ck  6 a n d  sex p h e r o m o n e s  
in a n u m b e r  of ixod id  t i ck  spec ies~-% A m b l y o m m a  
a m e r i c a n u m  a n d  A. m a c u l a t u m  5,7, Dermacel l tOr  va r i a -  
bil is a n d  D. andersoniT,  lo, males  are  a t t r a c t e d  b y  pher -  
omones  secre ted  b y  females  whi le  A. m a c u l a t u m  Ie- 
malesS, 9 a n d  A. h e b r a e u m  n y m p h s  ~ a re  a t t r a c t e d  to  se- 
c re t ions  of a t t a c h e d  males .  T h e  p r inc ipa l  hos t s  of t he  
pa ra lys i s  t ick ,  Ixodes  holocyclus ,  are  3 species of b a n d i -  
coot  11 (omnivorous  m a r s u p i a l s  - Pe rame le s  n a s u t a ,  
I soodon  obesu lus  a n d  I. mac rourus )  b u t  i t  a t t a c h e s  to  a 
large  n u m b e r  of hos t s  inc lud ing  ca t t l e  a n d  domes t i c  pets ,  
caus ing  pa ra lys i s  a n d  some fa ta l i t ies .  T he  e c h i d n a  t ick ,  
A p o n o m m a  concolor,  appea r s  to  be  found  on ly  on  t h e  
2 e c h i d n a  11 species ( m o n o t r e m e s  - Tachyg lossus  aculea-  
t u s  a n d  T. setosus)  a n d  i ts  effect  on t h e  h o s t  is u n k n o w n .  
B o t h  t i cks  are  a l m o s t  c e r t a i n l y  conf ined  to  Aus t ra l i a .  

Materials and methods. 1. Gene ra l  aggrega t ion .  Tes t s  were  
ca r r ied  o u t  us ing  un fed  t icks  b y  t he  ' pe t r i -d i sh '  m e t h o d  
essen t i a l ly  as desc r ibed  b y  L e a h y  e t  al. s, e x c e p t  t h a t  in  
some expe r imen t s ,  4 sec tors  were used i n s t ead  of 8. 
I .  ho locyc lus  t i cks  were h u m i d i f i e d  d u r i n g  t e s t s  b y  a t -  
t a c h i n g  a m o i s t e n e d  f i l ter  p a p e r  ins ide  t h e  l id a n d  il lu- 
m i n a t i n g  a r t i f i ca l ly  b u t  Ap. concolor  t i cks  were n e i t h e r  
h u m i d i f i e d  n o r  i l l u m i n a t e d %  F i l t e r  p a p e r  discs were 
he ld  w i t h  a d u l t  I. ho locyc lus  13 for  e i t he r  7 days  a f t e r  
ecdysis,  or b e t w e e n  days  7-21 or 42-63  a f t e r  ecdysis,  a n d  
t h e n  a s sayed  as cen t res  of agg rega t ion  w i t h  t icks  aged 7, 
21 or 63 days  respec t ive ly .  Discs were also he ld  w i t h  
a d u l t  Ap. concolor  13 b e t w e e n  days  36-42, d a y s  70-126,  
days  166-168 or days  231-238 a f t e r  ecdysis  a n d  assayed  
w i t h  t i cks  aged 42, 126, 168 or 238 days  respec t ive ly .  I n  
add i t ion ,  assays  of sa l ine  e x t r a c t e d  discs 14 a n d  of n y m -  
p h a l  exuv iae  were m a d e  for  Ap. concolor .  Signif icance 
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Fig. 1. Aggregation of unfed male or female ticks at discs previously treated by exposure to other ticks of the same.age (approximately 20 
ticks per test), a I. holocyclus (7 days post ecdysis), b Ap. concolor (42 days post ecdysis). 


